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L  .ABSTRACT Inoohoront s(;atterinpj oi) in eh^ mont-H rtirbon, aluminuixn»
roppor and cadmium arc determined at the photpn energy 280 kov and compared with the 
corresponding Klein-Nishina cross-section <r/. Progressively increasing deviation is observed 
between the two cross-sections with increasing atomics number. This deviation is attributed 
to the influence of electron binding. The ratio (a /^a/*) is computed theoretically on tlm basis 
of Thomas-Fermi atomic? charge distribution and ©ompareci with the experimentally observed 
ratio. A fair agreement is noticed.
I N T R O D U C T I O N
I t  is well-known that the incoherent scattering of photons by free electrons 
is accurately described by Klein-Nishina theory. Atomic electrons can be consi­
dered as free if the incident photon energy greatly exceeds the binding eiu^rgy of 
the electrons in the atom. When this condition does not obtain, the cross-section 
for incoherent scattering will bo smaller than predicted by Klein-Nishina formula. 
This diminution in the incoherent scattering cross-section due to electron binding 
effects is expressed in terms of an incoherent scattering function which is depen­
dent on the momentum transferred to the electron and the atomic number of tlie 
scattering medium. Various models of atomic charge distribution are in use to 
compute the incoherent scattering function thcoreti(!ally.
I t  was shown experimentally by Lakshminarayana e t  a l  (1961) that 
the Tree electron assumption’ holds for light elements at incident photon 
energies greater than 662 kev. Detailed investigations by Motz e t  a l  (1961) 
on the Compton scattering of 662 kev photons by the K-shell electrons of 
tin and gold have shown that even in these elements atomic binding effects arc 
negligible a t this energy. However, a t lower energies, definite deviations from 
Klein-Nishina cross-section due to binding effects are qualitatively indicated oven 
for light elements in the work of Lakshminarayana e t  a L  The present 
investigation is an attem pt to assess the influence of electron binding in light ele­
ments in a quantitative manner a t the photon energy 280 kev.
A simple procedure is adopted to obtain the incoherent scattering cross-sec­
tions experimentallyA The method consists of detenoining the total atomic cross-
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section by transm ission experim ents and  sub trac ting  from  it  th e  theoretically  
com puted contributions due to  photoelectric and  coherent scattering  processes. 
To acihieve sufficient accuracy in th is  ‘subtraction  technique’, th e  light elem ents
C. Al, Oil and Cd are chosen as the scattering  m aterials in as m uch as th e  theoretical 
com putation of photoelectric and colierent scattering  cross-sections can be carried 
out to  the desired degree (^ )f accuracy in ligh t elements.
JB X r  K R 1 M E N T A L D E T A I L S
A 10 milli-curio m ercury—203 source is used to  provide th e  280 kev gam m a 
rays. A modified narrow -beam  geom etry identical w ith  th a t  described by Lakslmii- 
narayana et al (1961) is employed. A D u M ont 6292 photom ultip lier w ith  
3/4" X 3/4" N al(T l) crystal is used as th e  detector. The experim ental procedure 
as well as tfie m ethod of analysis of obtaining to ta l atom ic-cross-sections is ju st 
the  same as of L akshm inarayana at al. The cross-sections are de te r­
mined w ith a  s tan d a rd  deviation no t exceeding 1 %  in th e  presen t investigation.
The photoelectric cross-S(ictions are  com puted to  w ith in  an  accuracy o f 2%  
using N agel’s form ula (1960) whose applicability  to  low and  m edium  Z elem ents 
is established by P arth asara th i, et al (1964). The cjoherent scattering  cross- 
sections are estim ated to  w ith in  an accura(;y of 3%  m aking use of th e  form- 
factor formalism whose valid ity  is (istablished in th e  low energy region for light 
elem ents.
B y subtracting  the  sum of pliotoelectric and  (iohorent scattering  cross-sections 
from th e  to ta l atom ic cross-section, th e  experim ental value of th e  incoherent 
scattering cross-section <7^  is deduced. The values of for th e  various elem ents 
are given in column 2 of Table 1. For comparison, th e  corresponding free electron
TA B LE I
(fTbja/)
Elemont (in barnB/atom) (in barns/atom) Exptl. Theor.
(1) (2) (3) (4) (6)
Carbon 2.12iO.U2 2.18 0.98^0.01 0.98±0.03
Aluminium 4.55^0.05 4,72 0.97^0.01 0.97±0.03
Copper 9.80±0,1 10.63 0 .93± 0 .e i 0.96±0.03
Cadmium 15.7 i;0 .4 17.4 0.90^:0.02 0.92i;0.03
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cross-sections <Tj  are com puted using Klein-Nishina formula and are given in column 
3 of Table I . The values of cross-section given in column 2 refer to  th e  incoherent 
scattering  o f photons by all th e  electron# of th e  atom  integrated over all angles 
o f scattering . The values o f cross-section «ivon in column 3 of Table I  are obtained 
by m ultiplying th e  integral free electro^ cross-section by th e  atomic; number. 
The ra tio  (cTj/oy),a^jj given in column 4 ||rovides a quantitita tive estim ate of the 
influence o f atom ic binding on the  incoh |ren t scattering of 280 kev gam m a rays. 
A theoretical estim ate o f th is ratio  is m ac^ using the Thomas-Fermi atomic charge 
distribution . The relevant procedure is Outlined as follows : D ata  on the  inco­
heren t scattering  function 8(q, Z) as a function of universal variable v are complied 
by G rodstcin (1957) and  Nelms (1953). ^ e  differential Compton scattering cross- 
sections for a  free electron are computetf using TClein-Nishina formula a t various 
scattering  angles, a t  in tervals of 10°, in the  range 0° to  180°. The value of S(q, Z)  
corresponding to  each of thest; scattering angles is obtained by graphical interpola­
tion of th e  d a ta  complied by Grodstcin and Nelms. The differential free electron 
liross-section is th en  m ultiplied by th e  corresponding S{q, Z) to  yield the differ­
en tia l cross-section for bound electron scattering. By a graphical integration of 
these! free electron and  bound electron differential cross-sections in the  angular 
in terval 0° to  180°, th e  corresponding integral cross-sections are coraimtod and 
the  ratio  (cTbl<^ f)theor then  directly obtained. The overall error involved m  the 
in terpolation  and  in tegration  procedures is estim ated to be about .1%. These 
theoretical ra tios are presented in  column 5 of Table I.
H E  s  U  L T ,s
It can be seen from cohunns 2 and 3 of Table I that the bound electron cross- 
sections progressively deviate from the free ele<!tron crot-s-soctions. Th< increas­
ing influence of atomic binding as Z increases is clearly evident. From the values 
of ((Tbl<rf)ezpii in column 4 of Table I, it can be readily seen that the lUrainution 
in the free electron cross-section due to binding effects is (2 1) /o c^r C, (.1 i  1) X>
for Al, (7 ±  1)% for Cu and (10 ±  2)% for Cd.
A comparison between theory and experiment is provided by the values 
given in columns 4 and 6 of Table I. It is apparent that there is good agree­
ment between theoretical and experimental values of the ratio (<r,,/o7). This 
agreement, however, has to bo considered with some caution in view of the inade­
quacies of the Thomas-Fermi model for observed distribution. The charge 
agreement may be duo to the fact that at this energy the absolute magnitude of 
the influence of binding is itself small, so that the deviations, if any, arc masked 
by the combined errors of theory and experiment. It may, however, be po^iblc 
that the deviations might be noticeable at lower photon energies where the dimi­
nution of (Tf due to binding effects will be considerably large: Further investiga­
tions at lower photon energies are in progress to test this view-pomt.
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